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FIELD OF THE INVENTION 
[0001] The present invention refers to a device, in particular, an acoustic headset, for sound 
spatialisation. The invention also refers to a recording device which is compatible with such a 
spatialisation device. 

BACKGROUND OF THE INVENTION 
[0002] By sound spatialisation is meant the restitution of the three-dimensional characteristics - 
azimuth, elevation and distance - of a sound source emitting a sound of given frequency and intensity. 
[0003] Numerous systems and devices are known, whereof the purpose is to solve such a technical 
problem. However, they suggest most often only simple immersion in a sound atmosphere, without 
restituting truly the three-dimensional characteristics of a sound. These systems may be implemented 
either in a room, in which case the room is fitted with several baffles equipped with loudspeakers, 
or using an acoustic headset, each headphone of the headset comprising a loudspeaker. 
[0004] According to a first method, so-called stereophony over two channels, for simulating the 
displacement of a sound source, two loudspeakers are used, one channel per loudspeaker, and the 
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sound intensity is weighted on both corresponding channels, while distributing the power to be 
transmitted among both loudspeakers. It is therefore possible to move the sound source while acting 
on the weighting coefficient. 

[0005] However, this technique has the shortcoming of placing the sound sources inside the listener's 
head. Moreover, the sound sources may only be moved in a single dimension instead of tho whole 
space. 

[0006] To improve the impression of immersion into a sound atmosphere, it has been suggested to 
use four or five loudspeakers in a room. It is notably the "Dolby Surround" device. Such a system 
includes three front acoustic channels and one rear acoustic channel. A central loudspeaker and two 
left and right loudspeakers broadcast said front channels. The central loudspeaker focuses the sound 
sources regardless of the listening position. 

[0007] The fourth channel is broadcast by two rear baffles and corresponds to ambiance information 
and reverberation effects. 

[0008] However, such a system does not enable to locate the sound sources precisely since the central 
loudspeaker focuses them regardless of the listening position. Moreover, it is not possible in such a 
room to transmit distinct sounds for both ears. 

[0009] According to another process for simulating spatialisation effect, a series of loudspeakers 
oriented toward a listening point are distributed regularly in a circle, whereas each loudspeaker 
broadcasts a particular sound channel. This is therefore an extension of the stereophonic method over 
two channels. However, the spatialisation effect is effectively obtained in only one particular point 
of the room, so-called focal point. The listeners situated elsewhere than at this focal point can also 
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hear the sounds, but they are subjected to acoustic illusions, which may be compared to optical 
illusions. 

[0010] Still, a sound perceived may be reduced to a supposedly uniform acoustic pressure, at the 
eardrums. Thus, at the level of an ear, the only interesting variable is the acoustic pressure at the 
eardrum, itself depending on the acoustic pressure at the inlet of the auditive duct, on the listener's 
morphology. In an acoustic headset, the purpose is to reproduce this pressure, in order to reconstruct 
a sound. 

[001 1] However, for two different listeners, the acoustic pressure at the eardrum, and even at the inlet 
to the auditive duct resulting from the same sound source will be different. This will not prevent 
them, unless they have a hearing impediment, from locating the sound source correctly. 
[0012] These differences between individuals and between the ears of the same person are due to 
morphological difference. Indeed, thee space between the listener's ears and the presence of an 
obstacle, i.e. the head, on the path of the acoustic wave, induce a phase-shift and a difference in 
intensity in an acoustic wave issued from the same sound source. Thus, the acoustic pressure at the 
eardrum is different between the right ear and the left ear, for the same sound source, relative to the 
position of said source with respect to the listener. 

[0013] Diverse devices endeavour to spatialise a sound while taking into account these differences 
in perception between both ears. The aim is simply to broadcast the same sound, while taking into 
account physical phenomena causing a phase shift and a difference in intensity, in both ears. This is 
the binaural principle. 

[0014] However, binaural techniques rely on a database gathering experimental measurements, 
corresponding to « average» morphologies. It is not possible to model the human auditive tract, 
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notably the auricle, whose shape it too complex to take into account all the physical phenomena 
necessary to computing approach. Thus, the techniques used correspond to average ears and the 
measurements are performed on dummies. These techniques exhibit therefore the shortcoming of not 
being suitable to everybody. 

[0015] The patent US-6,038,330 also divulges an acoustic headset for sound spatialisation. The 
headset exhibits, for each headphone, loudspeakers arranged regularly on a cap-shaped surface. 
[0016] Each of said loudspeakers is combined with a waveguide to direct and concentrate the sound 
transmitted onto the listener's auricle. 

[0017] However, spectral representation of the sound transmitted by each of said loudspeakers is 
modified by said waveguides. Such a headset does not enable then to reconstruct sounds spatially 
following the Huygens-Fresnel principle. 

BRIEF SUMMARY OF THE INVENTION 
[0018] The aim of the present invention is to provide an acoustic headset for spatial reconstruction 
of a sound, which remedies the shortcomings aforementioned. 

[0019] In particular, such a headset should enable transmission of distinct sounds for both ears, 
without depending on the individual characteristics of the auditive tract. In other words, such a 
headset should enable sound spatialisation for the great majority of listeners. 
[0020] Another aim of the present invention is to provide a dynamic system, capable of taking into 
account the movements of the head in the reconstructed acoustic field using such a headset. 
[0021] Another aim of the invention is to provide an acoustic headset with little space requirements, 
easy to use and enabling good mobility of the head, in particular to be adapted readily into a dynamic 
system. 
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[0022] An aim of the invention is also to provide headset enabling to reproduce a sound accurately, 
while avoiding any jerky feelings when moving a sound source, giving the impression of a continuous 
acoustic field. 

[0023] Still, another aim of the invention is to provide a headset adaptable to any head. 

[0024] Another aim of the invention is to provide a little expensive headset. 

[0025] Still another aim of the invention is to provide a recording device which is compatible with 

such an acoustic headset. 

[0026] Other aims and advantages of the invention will appear in the following description, only 
given by way of example and without being limited thereto. 

[0027] The invention refers to a headset for spatial restitution of a sound fitted with two headphones, 
each headphone comprising a bracket defining at least partially a cap-shaped surface including 
globally the listener's ear, each headphone comprising at least five loudspeakers, arranged on said 
bracket and capable of reconstructing an acoustic field. 

[0028] The invention also refers to a sound recording device intended for later spatial restitution, 
formed of a headset as defined above and wherein the loudspeakers are replaced with multidirectional 
or cardioid microphones, the recording cap-shaped surface corresponding to said recording device 
being confused with said cap-shaped surface (for acoustic transmission) of one said headset. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0029] The invention will be better understood when reading the description in conjunction with the 
appended drawings. 

[0030] Figure 1 represents a schematic view of the head of a person wearing an acoustic headset 
according to the invention. 
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[0031] Figures 2a, 2b, 2c are perspective views of the left headphone of a headset according to the 
invention, respectively front, inside and rear views. 

[0032J Figures 3a and 3b are sectional views of a headphone of a headset according to the invention, 
along a vertical plane and a horizontal plane, respectively. 

[0033] Figures 4 and 5 are two distribution variations of eight loudspeakers, or microphones, in a 
headphone illustrated as a top plan view and a sectional view. 

[0034] Figure 6 is a distribution variation of six loudspeakers, or microphones, in a headphone, 
illustrated as a top plan view and a sectional view. 

DETAILED DESCRIPTION OF THE INVENTION 
[0035] The invention is the result of the observation that there was not any easy simple device for 
sound spatialisation, requiring small computing power, and suitable for everybody. Indeed, the 
devices based on the binaural principle are specific to the listener (or the dummy) whereon the 
measurements have been taken while stereophonic halls only enable sound spatialisation in the focal 
point of the hall. In addition to this, the hall-based devices depend frequently on the geometry of the 
room and on the relative arrangement of the loudspeakers. 

[0036] The inventors have developed the invention by modifying the viewpoint used to tackle the 
problem of sound spatialisation. Instead of trying to reproduce the acoustic pressure at the eardrum 
or at the inlet to the auditive duct, as had been the case until now, they have sought to reconstruct the 
acoustic wave as it may be measured at a given distance from the ear, before transformation by the 
auricle and the auditive duct. The inventors have hence decided to create a sound-transmitting 
surface surrounding the auricle of the ear. The fact that such surface surrounds the auricle is not 
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inconspicuous. Indeed, this enables to break free from individual morphological characteristics of the 
auricle since the wave transmitted will be transformed by the auricle, as any other sound. 
[0037] Using a headset enables moreover to dispense with the geometrical problems of a hall. This 
also enables to develop for example dynamic systems taking into account the movements of the head 
in space, in order to displace, virtually, the reconstructed sound environment relative to the 
movements of the head. 

[0038] According to the Huygens-Fresnel principle, any point in space touched by an acoustic wave 
becomes a secondary source and re-transmits in turn a spherical wave. Thus, the contribution of a 
sound-transmitting surface as perceived by the eardrum is equivalent to the addition of all the 
spherical waves transmitted by the infinity of points of said sound-transmitting surface. 
[0039] However, in practice, it is impossible to produce an infinity of sound sources. It has therefore 
been necessary to determine a finite number of sound sources which, broadcasting sounds 
simultaneously, would be equivalent to said sound-transmitting surface. 

[0040] To do so, the information theory and more particularly the Shanon theorem, is used. 
According to this theorem, the sampling pulse of a sinewave signal should be at least twice as high 
as the pulse of said sinewave signal, if it is desirable to avoid a cohesion loss between the continuous 
sinewave signal and the sample. In other words, the sampling period should be twice as small as the 
period of the sinewave signal. 

[0041] A sound signal may be broken down into a sum of sinewave signals. By space-time analogy, 
the sampling distance between two loudspeakers of the sound signal should be smaller than half the 
wavelength of this signal. If the limiting wavelength may be considered as the shortest wavelength 
of the signal, i.e. the limiting frequency is the highest frequency of the signal, the following is 
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obtained: Al < 1/2 A, where 1 is the distance between two loudspeakers (or microphones) and X is the 
shortest wavelength of the signal. 

[0042] Thus, the sampling (transmission or recording) keeps all the pieces of information of the 
sampled signal for the frequencies equal to or less than half the sampling frequency. 
[0043] The range of audible frequencies is 20 Hz to 20 kHz, but the sound frequencies more often 
perceived are less than 5 kHz. A 10kHz sampling frequency has therefore been selected. 
[0044] As illustrated on the different Figures, a headset 1 is obtained, comprising two headphones 
2, each headphone comprising at least five loudspeakers disposed on a bracket 3, 4. Said bracket 3, 
4 defines at least partially a cap-shaped surface, capable of surrounding the listener's ear 6 totally. 
[0045] The «cap-shaped» expression means that the headphone surrounds the auricle totally, without 
creating any contact between the «cap-shaped» surface and the auricle. Advantageously, such surface 
is in the form of a hemisphere or a portion of hemisphere. It may also be ovoid possible polyhedral. 
The main thing is the fact that the cap-shaped surface surrounds the listener's ear, and forms a bracket 
skeleton for the loudspeakers. 

[0046] On the different figures, said headphone exhibits a hemispherical capshaped surface. 
[0047] Said headphone 2 may be open or closed. If it is open, said hemispherical surface is not 
materialised partially by the bracket 3, 4. If it is closed, the bracket 3, 4 materialises said 
hemispherical surface completely. 

[0048] Advantageously, said at least five loudspeakers may be distributed crosswise, which enables 
to obtain a satisfactory acoustic transmitting surface. 
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[0049] Said bracket is constituted of a ring 3 in particular to which are attached two cambered bands 
4, a horizontal band 42 and a vertical band 43. Said cambered bands 4 form a cross. Moreover, they 
are drilled with orifices 41, capable of receiving said loudspeakers 44. 

[0050] The orifices 41 are distributed regularly, so that the distance between two adjoining 
loudspeakers is smaller than or equal to 3 cm, for a maximum frequency of the sampled signal of 5 
kHz. The diameter D of the ring 3 is, in this example, 8 cm. 

[0051] Each cambered band 42, 43 is fitted with an orifice 41 at the intersection point of both bands, 
as illustrated on the different Figures. For example, the horizontal band 42, comprises four orifices 
41 spaced apart by an angle of 360 relative to one another; the vertical band 43 comprises three 
orifices 41 spaced apart by an angle of 45° relative to one another. Thus, the headphone 2 may 
accommodate six loudspeakers, one of them at the intersection of two supporting bands 42, 43. 
[0052] For example, the hemispherical surface has a radius r of 4 cm. 

[0053] Obviously, a larger number of loudspeakers may be provided, disposed on, for example on 
the arms of a star and closer to one another, to obtain a maximum frequency of the sampled signal, 
then transmitted, greater than 5 kHz. 

[0054] For example, as illustrated on Figures 4 and 5, the headphone may include eight loudspeakers 
44. Top left on Figures 4 and 5 are represented a plan view of both these variations and, around the 
plan view, sectional views along the lines AA, BB, ee, A7V, B'B', C'C. In these examples, the 
headphones are hemispherical. 

[0055] Thus, as a plan view, the loudspeakers 44 are distributed regularly around two concentric 
circles, an external circle 3 1 of large radius and an internal circle 32 of radius smaller than that of the 
external circle 3 1 . 
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[0056] In the variation illustrated on Figure 4, the loudspeakers 44 are situated at the apex of a regular 
pentagon inscribed within the external circle 3 1 and of an equilateral triangle inscribed within the 
internal circle 32. 

[0057] In the variation illustrated on Figure 5, the loudspeakers A are situated at the apexes of two 
squares inscribed respectively within the internal circle 32 and the external circle 3 1, the diagonals 
of one of the squares being substantially parallel to the sides of the other square. 
[0058] Advantageously, the external circle 3 1 and internal circle 32 are substantially parallel to the 
plane defined by the ring 3 and are situated beneath an angle of 30° (ti/6 rad) and of 60° (tt/3 rad) 
with respect to the centre 33 of the hemisphere. 

[0059] According to another variation, represented on Figure 6, the headphone includes six 
loudspeakers 44, four distributed regularly at the apexes of a square inscribed within an external circle 
3 1 and the two others distributed on a diagonal of said square, on an internal circle 32. Thus, said at 
least five loudspeakers are capable of reconstructing an acoustic field, perceived as continuous by the 
human ear, for acoustic frequencies smaller than a given maximum frequency, notably 5 kHz. 
[0060] The expression «perceived as continuous)) means that the displacement of a sound source 
transmitting a frequency signal equal to or less than 5 kHz, reconstructed by the acoustic headset, is 
perceived without any jerkiness or sudden bursts, but continuously. The listener has not the 
impression that the sound source goes without any transition from one point in space to another when 
the displacement should have been perceived as gradual. 

[0061] Advantageously, a headset according to the invention comprises at least six loudspeakers per 
headphone. 
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[0062] According to a first variation of the invention, a headset 1 is fitted with open headphones, as 
illustrated on the different Figures. In this case, the bracket 3, 4 is formed of an open armature, 
capable of receiving the loudspeakers. From an acoustic viewpoint, it means that the listener may hear 
a sound transmitted by the loudspeakers, without deformation, nor attenuation. 
[0063] According to another variation, the headphones 2 are closed. In this case, the bracket is 
formed of a shell defining a hemispherical surface capable of receiving said loudspeakers. 
[0064] Although not illustrated, electric connection means are provided between the loudspeakers 
44 and, for example, for instance of an amplifier, a walkman. a sound card or any other similar 
electronic device. It may also be wireless transmission means, thereby avoiding the space 
requirements associated with electric wires. 

[0065] Advantageously, said headset is used as a bracket for a microphone situated at the end of an 
arm, in front of the listener's mouth to enable the latter to speak, in particular interactively, with 
another person fitted for example with the same headset. 

[0066] Said headphones 2 may exhibit diverse additional features. For example, the ring 3, i.e. the 
listener's zone in contact with the listener's head, may be fitted with a foam ring, for enhanced 
comfort of the listener 6 when wearing the headset. 

[0067] The elements of the bracket 3, 4 are composed for example of aluminum or another 
lightweight metal or still plastic. 

[0068] As illustrated, both headphones 2 of the headset 1 are connected by a band 8 running above 
the listener's head 6. It may be an adjustable band, made of diverse materials known to the man of the 
art. 
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[0069] Moreover, according to an advantageous feature, such an acoustic headset is equipped with 
a device tracking the displacements of the head or « head-tracking» device. Thus, the movements of 
the listener's head 6 may be detected and the signal broadcast by the loudspeakers of each headphone 
2 can be modified in relation to such movements, in order to provide the listener 6 with a true 
impression of auditive displacement, in particular in a virtual space. This type of device is particularly 
useful when coupled to a three-dimensional vision headset. 

[0070] The invention also relates to a recording device for later spatial reconstruction of a sound, 
formed of a headset as described above. Still, in such a recording device, the loudspeakers are 
replaced with multidirectional or cardioid microphones directed outside the headphones, i.e. facing 
the ears 5 of a potential listener 6. 

[0071] For good compatibility between such a recording device and an acoustic headset 1 according 
to the invention, the recording cap-shaped surface corresponding to the recording device is confused 
with the acoustic transmitting cap-shaped surface of such and acoustic headset. 
[0072] With such an acoustic headset and such a recording device, it is not necessary to worry with 
the transformations undergone by the sound wave, due to the acoustic headset, since the sounds are 
recorded and transmitted before transformations. 

[0073] Such a headset may find its application in numerous domains, and in particular: 

- so-called «virtual reality» entertainments and games, which reconstruct a virtual 
audiovisual space, 

- teleconference, for simulating a meeting or conference room and locating virtually 
the participants with respect to one another, other than through a simple monitor. 
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- any other application when, for example, an acoustic space should be coupled with 
a visual space, whereas both have been reconstructed. 

[0074] Naturally, other embodiments, obvious to the man of the art, could have been contemplated 
without departing from the scope of the invention, subject of the claims below. 
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